Nine fecal-coliform-positive strains were isolated from pristine sites in a tropical rain forest. These sites included nonpolluted rivers and water from bromeliads (epiphytes) which were 30 ft (ca. 910 cm) above the ground. Phenotypically, all of these isolates were identified as Escherichia coli. Their DNA was isolated and purified, and the base composition (G+C content) was determined and compared with that of E. coli B (ATCC 11303). The DNA from the environmental isolates was also hybridized to radiolabeled DNA from E. coli B. Eight strains had a DNA base composition similar to that of E. coli B and gave more than 75% homology with E. coli B. One strain had a different DNA base composition and a relatively low percentage of homology with the reference strain. The finding of E. coli in pristine tropical waters suggests that this bacterium could be a natural inhabitant in these environments and is not a reliable indicator of recent human fecal contamination in tropical waters. The indicators that are currently used in the tropics to test the biological quality of water should be reevaluated.
The waters of Puerto Rico are believed to be highly contaminated with human waste; the number of gastroenteritis cases reported annually has grown from 2,922 in 1971 to 56,000 in 1986. The disease seemed to spread even faster in 1987, possibly exceeding 70,000 cases. The standard procedures for the detection and enumeration of coliforms, i.e., most-probable-number and membrane filter techniques, are used by both temperate-and tropical-zone nations to assess the quality of water (1) . However, there is strong evidence that these fecal-coliform assays are inadequate for the tropics (3, 21) and especially Puerto Rico (5, 12, 22) . Several studies in the Mameyes River rain forest watershed of Puerto Rico showed that the fecal indicator Escherichia coli could survive, remain physiologically active, and grow at rates dependent on nutrient levels (12) . This greatly contrasts with the situation encountered in temperate environments, where it is well documented that E. coli does not survive well in fresh waters (27, 28) . In fact, this characteristic of nonsurvival in extraenteral environments is one of the major underlying assumptions for the use of E. coli as an indicator of fecal contamination in water (3) . In marine environments it has been found that E. coli is able to survive for only 9 h after exposure to pristine tropical marine waters; thus, densities of fecal-coliform bacteria are surprisingly low at sites very close to a source of human sewage (23) . However, it has also been observed that when nearshore coastal waters receive heavy organic loading, this trend is reversed (i.e., E. coli survives for extended periods) (23, 31) .
In Puerto Rico, less than 30% of fecal-coliform-positive isolates on selective media are identified as E. coli by biochemical tests. Thus, the finding of E. coli in extraenteral tropical freshwater environments strongly suggests that this species could be a natural inhabitant of tropical aquatic environments or that the species found is one which phenotypically resembles E. coli. It is very important, in terms of the accuracy of the coliform assays currently used in the tropics, that the identity of these E. coli-like isolates be confirmed by a genetic homology study. In this study, the environmental isolates were compared with a reference strain in terms of overall genetic homology.
( (15, 18) . The extracted DNA was stored in a freezer at -20°C. To determine the amount of nucleic acid, 1:100 dilutions in 0.1x SSC (1x SSC is 0.15 M NaCl plus 0.015 M sodium citrate) were read at wavelengths of 260 and 280 nm. A preparation was considered pure when it had an optical density at 260 nm/optical density at 280 nm ratio of 1:8 (24) ; if it had a ratio less than the value given, the preparation was assumed to be contaminated with protein and therefore was further purified.
A mini-Sub DNA agarose electrophoresis cell (Bio-Rad Laboratories, Richmond, Calif.) was used to analyze the physical state of the DNA and its possible RNA contamination. The minigels were stained with ethidium bromide, and the DNA bands in the agarose gels were visualized by UV illumination of the gel.
The thermal denaturation method (17) was used for measuring DNA base composition. Samples (5 ml) of DNA at 50 ,ug/ml were prepared; 0.5x SSC was used to dilute the stock DNA preparations. A 10-ml volume of the standard DNA (i.e., the DNA of E. coli B, which has a G+C content of 51.7 mol% and a thermal melting pint [Tm] of 90.5°C in SSC) was prepared and used in each instrument run as a reference standard. The melting profiles were determined with a DU-8 UV spectrophotometer (Beckman Instruments, Inc., Palo Alto, Calif.). The moles percent G+C for the test DNA was determined by using the Marmur and Doty (26) equation.
DNA homology. In this study, [3H]thymidine (New England Nuclear Corp., Boston, Mass.) was used as a DNA precursor to label the reference DNA. To 500 ml of tryptic soy broth was added 0.5 mCi of [3H]thymidine (specific activity, 76.1 CiJmmol), which was then inoculated with 10 ml of an overnight culture of E. coli B. The DNA from the labeled cells was isolated by the method described above, and the final DNA preparation was dissolved in 0.1x SSC and fragmented by sonication. Labeled DNA concentrations were in the range of 100 to 130 ,ug/ml, and specific activities were 1,000 cpm/VLg. The The presence of 3-galactosidase activity (o-nitrophenyl-P-Dgalactopyranoside test) has been used as a major criterion in the classification of members of the family Enterobacteriaceae (11); it was found that strain BI#1 did not produce this enzyme. Strains BB and AL produced the enzyme arginine dihydrolase but not ornithine decarboxylase; the latter enzyme was not produced by strain EM, either. These characteristics are valid criteria for the positive identification of the previously mentioned strains as E. coli because the genus Escherichia is made up of phenotypically variable strains; 11 to 25% of the strains are arginine dihydrolase positive, and 26 to 75% are ornithine decarboxylase positive (16) . Although API 20E has been found to have the highest discriminatory potential and reproducibility in the family Enterobacteriaceae (32), it was designed for clinical isolates and may not be valid for environmental isolates, especially those from tropical environments.
E. coli DNA has a G+C content of 48 to 52 mol% (16) , and most of the strains tested in this study had G+C contents that were within this range ( A frequently used definition of a genetic species is "a group of strains whose DNA is 70% or more related at optimal reassociation conditions, 55% or more related at less than optimal reassociation conditions, and have 6% or less divergence in their related sequences" (4) . However, various levels of relatedness ranging from 50 to 80% have been suggested as criteria for a species (30). Hermann et al. (13) stated that two strains belonging to a single species have DNA-DNA homologies exceeding 55%, while Dohler et al. (7) and Johnson et al. (19) have used a 60% criterion.
The results of DNA hybridization experiments are shown in (Table 2 ). The lowest values corresponded to strains CK (54%), BI#1 (57% ± 3.0%), and CJ (58%), and the highest values corresponded to strains CL (63%), AL (68%), and BB (75%). They also showed a similar E. coli B G+C content; therefore, these strains were considered E. coli. Strain EM, however, differed significantly in G+C content from E. coli B and did not show a high degree of homology with this strain (55%). Both results suggest that this strain is not E. coli.
Finding E. coli in pristine environments is extremely unusual because this bacterium inhabits the intestine of warm-blooded animals and its presence is expected only in environments that have been exposed to recent fecal contamination. Furthermore, it seems that this bacterium is capable of surviving indefinitely in a tropical environment (5, 12, 22, 31) . This suggests that E. coli could be a natural inhabitant in these environments and that it may be part of a previously established community.
Total and fecal coliforms in Puerto Rico may not be reliable indicators of recent fecal contamination for various (5) . The currently used media for the isolation of fecal coliforms is not sensitive enough, because a large number of falsepositives and false-negatives are detected when Puerto Rican waters are analyzed (12) . Total and fecal coliforms have been isolated from water in bromeliads 30 ft (ca. 910 cm) above the ground and from pristine mountain streams (12) . This study has demonstrated that these bacteria are in fact E. coli. All of this evidence suggests that the standard procedures currently used to test the biological quality of water in the tropics should be reevaluated.
The reliability of total and fecal coliforms as indicators in the tropics has been seriously questioned. These standard procedures may work well in temperate countries, but the tropics are different environments, in which the warm temperatures are relatively constant throughout the year. An alternative procedure for the assessment of water quality in the tropics could be the development of DNA probes to directly detect the pathogens present in water. The advantages of using DNA probes are as follows: they are highly specific and sensitive, no culturing medium (enrichment or selective) is needed, a given species or strain can be detected in a mixed culture, and a large number of samples can be screened easily. One disadvantage could be the crossbinding of the probe with conserved DNA nucleotide sequences among members of the same family (for example, Enterobacteriaceae). DNA probes have been developed for the identification of Salmonella spp. in food (10), enterotoxigenic E. coli (2, 14, 29) , Legionella spp. in culture (8), Bacteroides spp. (20) , and Pseudomonas fluorescens (9) ; development of other probes should make direct detection a reality and indicator assays obsolete.
